An efficient palladium catalyzed C−H bond activation for the synthesis of benzo[c]chromen-6-ones using diazonium salts is described. In the presence of Pd(OAc) 2 , dppp, PivOH and K 2 CO 3 , the diazonium salt can be transformed into the product through a denitrogenation/C−H bond activation/cyclization sequence in acetonitrile. Altogether, nine structurally diverse substituted benzo[c]chromen-6-ones were prepared in excellent yields through two different methods.
In the past three decades, transition metal-catalyzed C−H bond activation methodologies have provided a powerful strategyies with advantages such as step-economy and green chemistry for certain molecules. We have been focusing on this and exploited a series of cost-effective, synthetic methodologies via a palladium catalyzed denitrogenation /C−H bond activation/ring cyclization sequence from the diazonium salts [10] as well. Herein, we wish to report an efficient synthesis of benzo [c] chromen-6-one, as an extension of our methodology, using two types of palladium-catalyzed cyclizations of diazonium salts cyclization in excellent yields.
Initially, we were greatly interested in a palladium-catalyzed oxidative addition with a synchronous evolution of nitrogen, and then a C−H activation step. Thus, the formation of the simplest 6Hbenzo[c]chromene from the corresponding ortho diazonium salt was set as a model reaction. In the light of the huge spatial effect of tertiary amyl alcohol (PivOH), all the entries were conducted under a 20% molar ratio of PivOH [10c]. Then, a couple of palladium and different ligands were screened (Table 1) for this conversion. With regard to the palladium catalyst, Pd(OAc) 2 and Pd(PPh 3 ) 4 were better than either Pd 2 (dba) 3 or Pd(CF 3 CO 2 ) 2 (Table 1 , entries 1-6). If a stoichiometric amount of silver acetate was used as co-catalyst, sadly only a detrimental effect on the reaction was observed (Table  1, entry 7) . At the same time, the effect of catalyst loading was also investigated. For the model reaction, 10% mole of the catalyst was superior to a 5% mole ratio (Table 1, entries 5-6) . Our studies subsequently showed that the nature of the reaction solvents was also crucial to this reaction. In DMF, toluene or THF, yields of 34%, 55% and 45% were obtained, respectively. In acetonitrile, an optimal yield of 75% of product could be obtained (Table 1 , entry 2). Subsequently, further optimizations regarding ligand and base were also conducted. Potassium carbonate was the best of the bases examined (Table 1, entries 6, 11-13) and at the same time, 1,3bis(diphenylphosphino)propane (dppp) gave the best result among all the ligands (Table 1, entries 6, 14-17) . Finally, we established the optimized reaction conditions that are acetonitrile as solvent, 10% molar ratio Pd(OAc) 2 as catalyst, 20% molar ratio of dppp as ligand, 20% molar ratio of PivOH as additive, and 2.5 equivalents of K 2 CO 3 as base at refluxing temperature (Table 1, entry 6). Having established optimized reaction conditions, we next examined the scope of these two methods (Method A means using the diazonium salts from the derivative of 2-amino phenol, method B means using the diazonium salts from the derivative of 2-amino carboxylic acids) for the synthesis of a range of substituted benzo[c]chromen-6-ones, as shown in Table 2 . Altogether, nine examples (Table 2) with different substituents, including halo (Table 2 , entries 2, 4, 9-10), t-butyl (Table 2, entry 5), and ester (Table 2, entry 3) groups were subjected to this protocol to afford benzo[c]chromen-6-ones in fairly good yields. As for the variations of R 2 , electron-neutral (Table 2 , entries 3-6) and electron-deficient (Table 2, entry 7) groups were good substrates for this reaction. Normally, the bromo group could be easily transformed into the corresponding boric acid, which is very useful in special building blocks. Thus, all the products in our reactions listed in Table 2 were easily characterized on the basis of physical and spectral data and also by comparison with authentic samples.
A plausible mechanism is suggested in scheme 1. First, Pd (II) was reduced to Pd (0) a: Each entry was carried out with 1 mmol substrate, 10% molar ratio of catalyst loading, 20% molar ratio of PivOH and 20% molar ratio ligand 250% molar ratio of base in 10 mL solvent. b: dppp=1,3-bis(diphenylphosphino)propane, dppm=bis(diphenylphosphino)methane, dppe=ethylenebis(diphenylphosphine), dppf=bis(diphenylphosphino)ferrocene c: Isolated yield. Scheme 1: The proposed mechanism of the palladium-catalyzed synthesis of benzo[c]chromen-6-ones.
In conclusion, as an extension of our previous papers, an efficient and versatile palladium catalyzed C−H activation for the formation of benzo[c]chromen-6-ones from two types of diazonium salts in the presence of 10% mole palladium acetate, 20% mole PivOH, 2.5 equivalents of potassium carbonate, and acetonitrile method has been developed. It is noteworthy that there are several unique merits of this method including high conversions and yields, environmentally benign, cost-effectiveness and functional group tolerance. Thus, we believe that this methodology will be a practical alternative to the existing procedures and cater to the need of academia as well as industry.
Scheme 2: The typical procedure of synthesis of substrates of A 1 and B 1 .
Experimental

General procedure for the synthesis of diazonium salts for methods A and B:
To a dry flask with a stir bar, acid A 1-1 (40 mmol, 1.0 eq, 4.88 g) and N-hydroxy succinimde (HOSu) (42 mmol, 1.05 eq, 4.83 g) were added and dissolved in 150 mL EA. The solution Pd-catalyzed heterocycles synthesis Natural Product Communications Vol. 12 (4) 2017 539 was cooled down in an ice bath and dicyclohexylcarbodiimide (DCC) (52 mmol, 1.3eq, 10.73 g) was added potion wise. The reaction was warmed to room temperature and stirred for another 10 h. When the reaction was complete, cold water (5 mL) was added to quench the reaction. The mixture was then filtered and the combined organic phase was washed with saturated brine, dried over Na 2 SO 4 , filtered and concentrated to obtain the crude product. Recrystallization from PE/EA (4/1) gave pure A 1-2 (37 mmol, 8.11 g), 92% yield. A 1-3 : Under a N 2 atmosphere, sodium hydride (13 mmol, 1.3 eq, 0.312 g) (60% 0.52 g) was placed in a dry two-neck flask with a stir bar, to which anhydrous tetrahydrofuran was added to form a solution, which was cooled in an ice bath. To the reaction mixture, 2-amino phenol (11 mmol, 1.1 eq, 1.21 g) in THF solution was added by syringe and the mixture was stirred for 15 min in an ice bath and then for another 30 min at room temperature. Then A 1-2 (10 mmol, 1.0 eq, 2.19 g) was added and the mixture stirred for 6 h under N 2 at room temperature. After the reaction was complete, the solvent was removed under reduced pressure and the product purified by column chromatography with PE/EA (5/1) to obtain pure 2-aminophenyl benzoate, (A 1-3 (8.02 mmol, 1.71 g) in 80% yield.
Synthesis of
Synthesis of A1:
Concentrated hydrochloric acid (1.66 mL, 20 mmol, 4.0 eq) was charged in a two-neck flask, under an ice-salt bath, and then 2-aminophenyl benzoate, namely A 1-3 (5 mmol, 1.0 eq, 1.07 g) was added slowly. Finally, the reaction mixture turned into a clear solution. A solution of NaNO 2 (5.0 mmol, 1.0 eq, 0.362 g), in cold water (1.8 mL), was added drop wise until the positive result of KI & starchy test paper. The reaction mixture was allowed to be stirred for another 30 min, and then a cold aqueous saturated NaBF 4 solution (3 mL) was added drop wise, and the corresponding diazonium salt A1 precipitated. After filtration, the diazonium salt was washed with ice water and diethyl ether, and then dried at room temperature to obtain pure 2-(benzoyloxy)benzenediazonium tetrafluoroborate, namely A1 (4.26 mmol, 1.33 g) in 85% yield.
Typical procedure for synthesis of diazonium salt B1
Synthesis of B 1-2 :
To a dry flask with a stir bar, acid B 1-1 (40 mmol, 1.0 eq, 5.49 g), N-hydroxy succinimde (HOSu) (42 mmol, 1.05 eq, 4.83 g) were added and dissolved in 150 mL EA. The solution was cooled down in an ice bath and dicyclohexylcarbodiimide (DCC) (52 mmol, 1.3 eq, 10.73 g) was added potion wise. The reaction was allowed to warm to room temperature and stirred for another 10 h. When the reaction was complete, cold water (5 mL) was added to quench the reaction. The mixture was then filtered and the combined organic phase washed with saturated brine, dried over Na 2 SO 4 , filtered and concentrated to obtain the crude product. This was recrystallized from PE/EA (2/1) to obtain pure B 1-2 (36 mmol, 8.45 g) in 90% yield. B 1-3 : B 1-3 could be prepared by the similar procedure of as A 1-3 described above, using phenol, NaH, correspondingly. After purification through column chromatography gave B 1-3 (36 mmol, 8.45 g) in 87% yield.
Synthesis of
B1 could be prepared from B 1-3 by a similar procedure of A1 described above in 81% yield.
General procedure for the synthesis of benzo[c]chromen-6-one from diazonium tetrafluoroborate salts from methods A and B:
Under argon, to a suspension of diazonium tetrafluoroborate salt (1 mmol) in 20 mL acetone was added dppp (0.2 mmol), PivOH (0.2 mmol), and K 2 CO 3 (2.5 mmol) in an argon flush. The reaction mixture was then refluxed for 4-6 h. The solvent was removed on a rota vapor and the residue was dispensed to 10g silica gel (100-200 mesh). After column chromatography, benzo[c]chromen-6-ones could be furnished in yields listed in Table 2. 
